Of the four pandemic strains of human influenza A virus observed this century, the 1977 virus strain was very similar in all genes to a 1950 isolate. Since mammalian influenza A viruses change annually by genetic drift, this reappearance could only be attributed at that time to conservation of the virus in a frozen state. We report here the isolation of swine influenza A viruses with haemagglutinin and nucleoprotein genes which are virtually identical to those of the human virus that circulated in 1975. We have also found serological evidence that this virus is circulating extensively in Quebec swine herds. We propose that human-like H3N2 influenza A strains may remain invariant for long periods in swine, which may serve as a reservoir for human pandemics.
Two mechanisms have been described that allow human influenza virus to escape host immunity; drift and shift (reviewed by Webster et al., 1992) . Drift is caused by infidelity of the viral RNA polymerase, which results in genetic and antigenic modification, most notably in the haemagglutinin (HA) gene. It has been calculated that drift involves about 3-4 amino acid changes per year in the HA gene of human H3N2 influenza viruses (Bean et al., /992) . In other species, the change proceeds at a slower rate. For example, the drift in the H1 HA gene of swine influenza virus has been estimated at only 0.4 amino acid changes per year (Luoh et al., 1992) . Drift has not been clearly demonstrated in the swine influenza H3 HA gene, but the few sequences that have been determined have resembled either their avian counterparts (and thus the original human H3 gene, A/Aichi/68) or human influenza H3 viruses (Kida et al., 1988; Bean et al., 1992; Castrucci et al., 1994) .
Independently from the HA gene, the influenza virus * Author for correspondence. Fax + 1 819 564 5392.
The GenBank accession number of the HA gene of Sw15090, which differs from Sw21891 at bases 1019 (G rather than C) and 1503 (C rather than G changing amino acid Ala to Pro), is U07146. The GenBank accession number of the partial sequence of the NP gene of Sw21891 is U07984. nucleoprotein (NP) gene also undergoes modification with time. The NP genes found in human and 'classical' swine influenza viruses appear to have evolved from a common avian ancestor virus (probably that which gave rise to the 1918 pandemic strain). This evolution occurred despite the presence of the different HA genes H1, H2 and H3 (Gorman et al., 1991 ; Shu et al., 1993 ). An avianlike NP gene has also appeared recently in swine influenza viruses in Europe and Asia (Gorman et at., 1990 (Gorman et at., , 1991 Castrucci et al., 1993) . A human influenza virus-like NP gene may also be found in swine influenza viruses (Gammelin et al., 1989) , corresponding to the NP gene found in the same year in human influenza viruses. This is probably a consequence of pigs being infected with a concurrent human influenza virus.
Genetic shift occurs after introduction of a completely new virus (such as the 1918 human pandemic strain) or following exchange of one or more of the eight RNA fragments which constitute the influenza virus genome. Genetic shift occurred in 1957 and 1968 when avian influenza virus HA, neuraminidase (only in 1957) and polymerase gene 1 became incorporated into the 1918 human influenza virus, probably after reassortment in swine. These mechanisms do not, however, explain the appearance in 1977 of a human influenza virus which was very similar in all genes to a 1950 isolate (Nakajima et al., 1978; Scholtissek et al., 1978; Raymond et al., 1986) . Long term conservation in swine was evoked to explain the repeated isolation, over a period of 14 years, of swine influenza viruses antigenically similar to the 1968 human H3N2 influenza virus (Shortridge et al., 1977 (Shortridge et al., , 1987 Nakajima et al., 1982) . However, more recent analysis of the HA (Kida et al., 1988) and NP (Gorman et al., 1990) gene sequences of these isolates indicated that they had been periodically reintroduced from ducks. This avian to swine transfer appears to be a common phenomenon as swine influenza virus circulating in Italy between 1982 and 1989 possessed an avian influenza virus-like NP gene even though the HA gene was similar to the 1975 human H3N2 (Castrucci et al., 1993 (Castrucci et al., , 1994 . Indeed, waterfowl influenza A virus strains may remain invariant for many years and serve as a reservoir for other species . Influenza viruses of the H3 subtype reappeared in humans and caused a major pandemic in 1968. Subsequently, this subtype was associated with occasional outbreaks of swine influenza documented by serological studies (Harkness et al., 1972) and virus isolations (Kundin, 1970; Shortridge et al., 1977; Hinshaw et al., 1978) . In North America, swine influenza has usually been associated with the H1N1 subtype (Van Dreumel & Ditchfield, 1968; Hinshaw et al., 1978; Elazhary et al., 1985) . Recently, an epidemic of swine H3N2 influenza characterized by severe proliferative and necrotizing pneumonia (PNP) has been reported in Quebec (Morin et al., 1990; Girard et al., 1992; Bikour et al., 1994) . We describe here the antigenic and genetic relatedness of this swine isolate with other swine and human H3N2 influenza viruses and provide evidence of long term conservation of human H3N2 influenza virus in swine.
Two swine influenza H3N2 isolates, A/Swine/StHyacinthe/150/90 (Sw15090) and A/Swine/Beauce/ 218/91 (Sw21891) were initially cultured in embryonated chicken eggs infected with 20 % lung homogenates of piglets that died during epizootics of PNP disease (Morin et al., 1990; Bikour et al., 1994) . Haemagglutinationinhibition (HI) titres were measured as described elsewhere (Palmer et al., 1975) using 4 HI units of the virus strains and 0-5% chicken erythrocytes. Polyclonal antisera against human reference viruses and swine isolates were prepared in chickens as described by Yamada et al. (1991) . The HA and NP gene sequences of Sw15090 and Sw21891 were determined from PCR-amplified cDNA prepared from RNA extracted (Chomczynski & Sacchi, 1987) from virus grown in eggs and purified on sucrose gradients (Luoh et al., 1992) . The HA gene cDNA was prepared using the cDNA cycle kit (Invitrogen) and primer H3-001 (see Table 1 ) or random hexamers. Nested PCR was employed to amplify the cDNA. The first set of primers for the HA gene was H3-001 and H3-1765R. A 1 gl sample from the first PCR product was then amplified by PCR using either H3-001 or H3-1765R together with an internal sequencing primer or two internal primers (Table 1 ). The NP gene was amplified with universal influenza forward and reverse primers followed by nested primers Ninf 745 and Ninf 1442R (Table 1) which also served for sequencing. Amplified DNA (40 fmol) was sequenced with 1.5 pmol of sequencing primer labelled by T4 polynucleotide kinase with [7-a2P]ATP (Amersham) using the fmol DNA Sequencing System (Promega). Nucleotide sequence comparison and alignment of HA1 and NP sequences for construction of phylogenetic trees were performed using the GCG software package (Devereux et al., 1984) . Tree horizontal lengths are proportional to the number of substitutions on the branches. The nucleotide sequences of 19 HA genes (Table 2 ) and 19 NP genes (Table 3) were used in this study.
Reciprocal HI titres were determined between two of the recent swine isolates (Swl5090 and Sw21891) and a panel of human H3N2 isolates spanning 1968 to 1991 ( Complete HA gene sequences of the two recent swine isolates were compared with other swine, human and duck H3 HA genes (Fig. 1) . Only 1% variation in deduced amino acid sequence was observed between either swine isolate and Vic375 but 4 % with Eng377. The two current strains showed a similar 1% variation with a 1977 porcine isolate (Swco177) but differed in at least 5 % of amino acids from other swine influenza viruses isolated in China and Europe. Most of the variation occurred at recognized antigenic sites (Wiley et al., 1981) and included differences at sites B, C and D with Swco177 and sites A and D with Vic375. Mutation at amino acid 145 may have been selected by virus isolation in eggs (Rocha et al., 1993) . The receptor binding site was ii0  120  130  140  150  150  170  180  190 200 210 Table 3 . The amino acid sequence of the NP gene of A/Sw/150/90 is written in full, while only changes in the amino acid sequence are indicated for the other viruses.
typical of human rather than avian H3 influenza virus (Naeve et al., 1984) . The evolutionary relationships between the HA genes of the two present swine isolates, five other swine isolates, nine human and three avian isolates were estimated by constructing a phylogenetic tree from the nucleotide sequence of the HA1 domain (see Fig. 3a) . The swine isolates appeared on both human and avian branches. The two present isolates and isolate Swco177 showed a clear genetic relatedness with the Vic375 human isolate. The European isolates Swit85 and Swuk84 can also be included in the human branch; however, the two swine viruses isolated from China are clearly in the avian lineage.
A portion of the influenza A NP gene between nucleotides 773 and 1413 was sequenced, revealing only one nucleotide difference between the two isolates. The predicted amino acid sequence (Fig. 2) Dk'n'5
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Swl~Sg Tables 2 and 3. amino acid from the 1975 human influenza NP sequence (Bj3975) but there were at least five amino acid differences from other swine, avian or contemporary (1990) human influenza virus NP genes. We analysed phylogenetically the NP nucleotide sequences of the two present swine isolates together with 11 human, five swine and one duck isolate (Fig. 3b) We report here a swine influenza virus with HA and NP genes very similar to those present in human influenza virus 16 years earlier. This virus was not an isolated case but was widely circulating in south-central Quebec. It is unlikely that the virus reported here was introduced from a laboratory as very few carry swine H3N2 virus stocks and as vaccines to this type do not exist in North America. Few swine are kept in Arctic climates or near North American glaciers where frozen, long term conservation in nature could occur. If this virus had been reintroduced into humans prior to establishing itself in swine, it is unlikely that it would have escaped detection by the influenza surveillance branches of both the Canadian and American centres for disease control. It is also very unlikely that both the HA and NP genes could have been conserved independently in another reservoir without drift and then simultaneously have been returned to swine. The most probable interpretation is that this strain has been present in swine for 16 years with little change. Other evidence supporting this mechanism has recently been reported, as follows.
The HA gene of the swine influenza virus circulating in Italy between 1977 and 1989 was also similar to that of the 1975 human H3N2 virus (Castrucci et al., 1993 (Castrucci et al., , 1994 . This virus has probably evolved separately from North American strains, not only because they have different internal proteins (Castrucci et al., 1993) but also because international regulations prohibit exchange of swine between Europe and North America and even waterfowl flight paths do not cross the Atlantic nor Pacific oceans. These observations indicate that swine are particularly susceptible to variants of the H3N2 influenza virus that circulated in humans in 1975. As a measure of this susceptibility, Shortridge et al. (1977) reported that the 1975 human-like swine influenza virus was shed for longer times than the 1968 human-like H3N2 virus. We confirmed this observation, since piglets infected intratracheally with Sw15090 produced large amounts of virus for five days and developed a severe PNP similar to that observed in naturally infected animals. Those infected with a classical swine H1N1 isolate had a predominate interstitial pneumonia with occasional foci of necrosis as described elsewhere (Olsen et al., 1993) . This phenomenon could be due to the immune pressure on swine influenza viruses, which is probably weaker than that in other animals or birds under natural conditions when newborns are produced only in the spring . Modern swine husbandry practices involve continuous production of susceptible animals throughout the year with slaughter at eight months. These conditions are similar to those favouring conservation of influenza viruses which, in waterfowl, are thought to depend on welt-adapted strains that produce large amounts of virus in the numerous, immunologically naive, birds born each spring .
Our findings support the concept that human influenza virus strains may be conserved for long periods in swine and serve as a source of future pandemics. Continued surveillance of swine influenza viruses will further define the role of swine in the persistence and possible reappearance of human influenza virus strains.
